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(&) Epoxy resin compositions for encapsulating semiconductive elements.

@ Epoxy resin compositions for encapsulating semiconductive elements showing when cured a high glass
transition temperature, an excellent crack resistance under soldering and a low chlorine ion generation rate upon
curing comprising (a) epoxy resin (b) phenolic curing agent (c) tris(dialkoxyphenyl) phosphine represented by
the general formula (I):

/N s @

whersin R and R2 each may represent a C; -+ alkyl group and (d) inorganic filler.
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The present invention relates to epoxy resin compositions for encapsulating semiconductive elements
showing when cured a high glass transition temperature, an excellent crack resistance under soldering and
a low chlorine ion generation rate upon curing, thus providing a cured product having excellent qualities,
including moisture resistance.

In recent years, high integration technology has made a remarkable advance, in particular with respect
to the enlargement of the size of semiconductive elements while simultaneously miniaturizing and thinning
the packages themselves. Furthermore surface application of semiconductive elements is becoming more
usual. In surface application, the semiconductive device is directly immersed in bath of molten solder and
exposed to high temperature. However, in this process the encapsulating material may absorb water which
causes the formation of cracks in the encapsulating material.

A formulation of ortho cresol novolak-type epoxy resin with phenol novolak resin as curing agent, and
friphenylphosphine as curing accelerator is normally used as epoxy resin composition for encapsulating
semiconductive elements. However, it is known that such compositions when used as encapsulating
material, show insufficient crack resistance under soldering due to its low glass transition temperature.

Another problem encountered in the course of miniaturization using standard type of epoxy resin
compositions is the corrosion of aluminium wirings. This corrosion is known to be caused by moisture
absorbed in packages and the presence of chlorine ions as contaminant in such packages.

The use of triphenyl-phosphine (TPP) as curing accelerator in the epoxy resin compaosition results in a
cured product showing a good moisture resistance due to the small degree of chlorine ion generation upon
curing. However, the cured product also has a low glass transition temperature and a poor crack resistance
under soldering due to the relatively low activity of TPP.

When using a curing accelerator having a stronger activity such as an imidazole a cured product having
a higher glass transition temperature is indeed obtained, however, the degree of chlorine ion generation
increases substantially too. '

In search of solutions to the problems related to the use of ortho cresol novolak-type epoxy resin in the
encapsulating compositions bishydroxybiphenyl-type epoxy resin was found to be an excellent epoxy resin
for encapsulating semiconductive elements due to its low stress and low viscosity. However, since its glass
fransition temperature is far lower than that of the o-cresol novolak-type epoxy resin, the use of a highly
active accelerator is essential. But as pointed out before, the use of such a known highly active accelerator
will affect the moisture resistance of the cured product due fo the large amounts of chlorine ions formed
upon curing.

Therefore it is an object of the present invention to provide an epoxy resin composition for encapsulat-
ing semiconductive elements which when cured shows a high glass transition temperature, an excellent
crack resistance under soldering and an excellent moisture resistance.

A solution to the above-mentioned technological problem was found in using a specific type of tris-
(dialkoxyphenyl) phosphines as curing accelerators.

The invention therefore relates to an epoxy resin composition for encapsulating semiconductive
elements comprising

(a) epoxy resin,
(b} phenolic curing agent,
(c) tris(dialkoxyphenyl) phosphine represented by the general formula (1)

OR1

P (D)

wherein R' and R? each independently represent a C1-4 alkyl group, and
(d) inorganic filler.
It was found that the epoxy resin composition of the invention, when cured, has a high glass transition
temperature and that during curing only a relatively small amount of chlorine ions are generated. Moreover
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when a specific bishydroxybiphenyl-type of epoxy resin is used in (a), the cured product shows a
sufficiently high glass transition temperature while maintaining the excellent properties of the epoxy resin.

As epoxy resin under (a) use may be made of various kinds of epoxy resins. As examples may be
mentioned those prepared by reacting epihalohydrin with polyhydric phenols, being condensation products
of phenols such as bisphenol A, bisphenol F, hydroxybiphenyls, resorcine, hydroguinone, methylresorcine,
phenol novolak, cresol novolak, resorcine novolak, and bispheno!l A novolak, and aidehydes such as
benzaldehyde, hydroxybenzaldehyde and glyoxal.

Preferably the composition according to the invention comprises from 20 to 100% by weight, based on
the weight of epoxy resin in the composition, of bishydroxybiphenyl epoxy resin represented by the general
formula (I1):

CHZ-—CH—CH —

2
No”

e . B |
*1
—o0 0— CH,—CH-CH (11)

2
\o/
©  x* oz %

wherein X' to X* each may represent a hydrogen atom, a halogen atom or a C1-s alkyl group, and
n is a number of from 0 to 3.
It should be noted that the epoxy resin represented by the above-mentioned general formula (Il), may of
course be the only epoxy resin present in the composition.

The bishydroxybiphenyl-type epoxy resin represented by the above-mentioned general formula (ll) can
be easily prepared by reacting bishydroxybiphenyls represented by the general formula ().

HO OH (I1I)

wherein X' to X* each may represent a hydrogen atom, a halogen atom or a Ci1—s alkyl group, with an
excessive amount of epihalohydrin, according to any conventional method.

As bishydroxybiphenyls of formula (lll) o be employed in the process of this invention may be
mentioned, for example, 4,4"-bishydroxybiphenyl, 4.,4'-bishydroxy-3,3',5,5"-tetramethylbiphenyl, 4,4'-
bishydroxy-3,3',5,5'-tetramethyl-2-chlorobiphenyl, 4,4'-bishydroxy-3,3',5,5"-tetramethyl-2-bromobipheny! and
4,4'-bishydroxy-3,3',5,5'-tetraethylbiphenyl.

The epoxy resin composition according to the present invention comprises a phenolic curing agent.
Preferred phenolic curing agents should comprise at least two phenolic hydroxyl groups per molecule.

Examples of the phenolic curing agent are the condensation products of phenols such as phenol
novolak, cresol novolak, resorcine novolak, and bisphenol A novolak, with aldehydes such as benzaldehyde,
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hydroxybenzaldehyde and glyoxal. The phenolic curing agent(s) employed in the present invention prefer-
ably is/are used in amounts ranging of from 20 to 200 parts by weight per 100 parts by weight of the epoxy
resin. Preferably the amount of phenolic curing agent in the composition of the invention is such that of
from 0.5 to 2.0 hydroxyl groups, preferably 1 hydroxyl group are/is present per epoxy group.

The epoxy resin composition according to the present invention also comprises a tris(dialkoxyphenyl)
phosphine represented by the above-mentioned general formula (1) as curing accelerator. Examples of such
curing accelerators are tris(dimethoxyphenyl) phosphine and tris(diethoxyphenyl) phosphine.

The tris(dialkoxyphenyl) phosphine (I) may be used alone or in combination with one or more other
curing accelerators so far as the latter does not adversely affect the effect of the former. Other curing
accelerators are for example, tertiary amines such as 2-{dimethylaminomethyl) phenol, 2,4.8-fris-
(dimethylaminomethyl) phenol, benzyldimethylamine, a-methylbenzyldimethylamine, imidazoles such as 2-
methylimidazole, 2-phenylimidazole, 2-undecylimidazole, 2-heptadecylimidazole, 2-ethyl-4-methylimidazole
and phosphines such as triphenylphosphine.

When use is made of a combination of accelerators the amount of tris(dialkoxyphenyl) phosphine {l)
should be from 20 to 100% by weight, preferably at least 40% by weight, based on the total weight of
accelerators in the composition.

The total amount of accelerators in the epoxy resin compositions of the present invention preferably lies
in the range of from 0.1 fo 5% by weight based on the weight of epoxy resin.

The epoxy resin compositions of the present invention should also comprise an inorganic filler. Any
inorganic filler usually formulated into epoxy resins can be used such as for example, fused silica,
crystalline silica, quartz glass powder, talc, calcium silicate powder, zirconium silicate powder, alumina
powder, calcium carbonate powder, clay powder, barium sulphate powder and glass fibres. Combinations of
these inorganic fillers may also be used. A preferred filler is silica.

The amount of inorganic filler present in the composition of the invention must be sufficient to impart
the desired modulus of elasticity, linear expansion coefficient and glass transition point to the cured product
thereof. The amount of inorganic filler used usually lies in the range of from 50 to 90% by weight based on
the total weight of the composition of the invention. If less than 50% by weight of filler is added this will
have a negative effect on the linear expansion coefficient of the cured products, whereas if more than 90%
by weight of filler is added the fluidity of the resin compositions will be degraded, resulting in poor handle-
ability.

If required the epoxy resin compositions of the present invention may comprise mould releasing agents,
colourants, coupling agents and fire retardants. As mould releasing agents can be mentioned natural wax,
synthetic wax, higher fatty acids, metal salts of higher fatty acids and paraffins.

A useful colourant is for example carbon black. Useful fire retardants are for instance antimony trioxide,
antimony bentoxide, phosphoric acid and phosphorus compounds. Part of the amount of epoxy resin may
be replaced by brominated epoxy resin in order to impart fire resistancy to the composition. Examples of
such brominated epoxy resins are brominated bispenol A-type epoxy resins and brominated phenol
novolak-type epoxy resins.

The epoxy resin composition according to the present invention can be prepared usually by mixing,
under heat-melting, the above-mentioned essential components (a) to (d), if necessary, with other additive
components, the order of mixing of these components is optional.

The present invention will be further explained in the examples presented below.

Example 1, Production of Epoxy Resins 1 and 2

A.In a reactor equipped with a stirrer, a thermometer, and a condenser were mixed 242 g of 3,3',5,5'"-
fetramethyl-4,4'-dihydroxybiphenyl, 1295 g of epichiorohydrin, and 504 g of isopropyl alcohol to form a
solution. Then, the resulting solution was heated o 35 °C, followed by dropwise application, for one
hour, of 180 g of an aqueous solution of sodium hydroxide (48.5% by weight). During the above-
mentioned dropwise application, the temperature of the solution was gradually raised until the reaction
system reached 65 ° C at the point of completion of the dropwise application. Thereafter, the reaction
was carried out at 65 ° C for 30 minutes.

After completion of the reaction, the reaction product was washed with water to remove the
byproduct salts such as sodium hydroxide. Excessive epichlorohydrin and isopropyl alcohol were
removed from the reaction product under vaporization at reduced pressure, and the crude epoxy
compound was recovered. This crude epoxy compound was dissolved in 596 g of toluene, followed by
the addition of 12.9 g of an aqueous solution of sodium hydroxide (48.5% by weight) whereafter the
mixture was allowed to react for one hour at 65 ~ C. After completion of the reaction sodium diH-ortho-
phosphate was added to the reaction system so as to neutralize the excess of sodium hydroxide,
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followed by waterwashing thereof for removing the byproduct salts therefrom.

Under reduced pressure remaining solvent was completely removed from the epoxy compound

obtained in the above example. This epoxy compound was found to have the general formula (Il) wherein
X' and X2 each are a methyl group, X3 and X* each are a hydrogen atom, and n is 1, and having an
epoxy equivalent weight of 185. This compound will be referred to as "Epoxy Resin 1" hereinafter.
B. An epoxy resin in the form of light yellow solid having an epoxy equivalent weight of 164 was
prepared according to the same method as used for the preparation of Epoxy Resin 1, however instead
of 4,4"-bishydroxy-3,3',5,5'-tetramethylbiphenyl employed in the above-mentioned example 1A, use was
made of 186 g of 4,4'-bishydroxybiphenyl.

This epoxy resin had the above-mentioned general formula (1) wherein X', X2, X3 and X* each are
hydrogen atom and n is 0.15, which will be referred to as "Epoxy Resin 2" hereinafter.

Example 2, runs 1-3 and comparative runs 4-6

In runs 1-6 a plurality of compositions were formulated comprising the epoxy resins that had been
obtained in the above-mentioned production examples or a commercially available ortho-cresol novolak-type
epoxy resin and, as fire-retardative epoxy resin, brominated bisphenol A-type epoxy resin, together with a
phenol novolak resin as curing agent, tris(2,6-dimethoxyphenyl) phosphine or triphenylphosphine or 2-
phenylimidazole as curing accelerator, and as inorganic fillers, silica powder and epoxy silane. Composi-
tions comprising the varying components in varying ratios as shown in Table 1 were molten and mixed at a
temperature in the range of from 90 to 110 ° C for five minutes using a mixing roll. The resulting molten
mixture was taken out in the form of a sheet and was then cooled and crushed to obtain a moulding
material.

Each of the formed moulding materials was then moulded using a low pressure transfer moulding
machine at a temperature of 180 " C during 180 sec, in order to form a test piece for measurements of
glass transition point and chlorine ion generation rate, also 44 pin flat plastic packages with dummy
elements being encapsulated therein were formed of each of the compositions. After the heat-curing for 8
hours at 180 ~ C, glass transition point, thermal resistance under soldering and chlorine ion generation rate
were determined on each of the moulded products, the results of which are shown in Table 1.
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Remarks:

*1
*2
*3

*4

*5

*6

*7

*8

*9

*10

Epoxy Resin 1, prepared in Example 1A

Epoxy Resin 2, prepared in Example 1B

Tradename "Epikote 180H65" having an epoxy equivalent weight
of 201, a product by Yuka Shell Epoxy K.K.

. Tradename "Epikote 5050", having an epoxy equivalent weight

of 385 and a bromine content of 49%, a product by Yuka Shell
Epoxy K.K.

. Phenol novolak having a softening point of 85 °C, a product

by Gunei Chemical K.K.

. Tradename "RD-8", a product by Ryushinsha K.K.
. Tradename "KBM-403", a product by Shinetsu Chemical K.K.

.. Determined from transition point in thermal expansion curve

with the use of trimellitic anhydride (TMA).

. Determined on the number of cracks formed in sixteen pieces

of flat plastic packages (44 pin FPP) which had been exposed
to moisture at 85 °C and 85% RH for 168 hours, followed by
being immersed in bath of molten solder at 260 °C for ten

seconds.

. The cured moulded materials each were crushed to a particle

size of 100 mesh-pass, 5 g of the material together with 30
g of distilled water was introduced into a pressure vessel

followed by extraction therewith at 180 °C for 24 hours, and
then the amount of generating chlorine ion in the water was

determined.

From Table 1 it can be derived that the epoxy resin compositions for encapsulating semiconductive
elements according to the present invention (runs 1-3) can provide a cured product having a combination of
a high glass transition temperature, an excellent crack resistance under soldering and a low chlorine ion
generation rate.

Claims

1. An epoxy resin composition for encapsulating semiconductive elements comprising
(a) epoxy resin,
(b) phenolic curing agent,
(c) tris(dialkoxyphenyl) phosphine represented by the general formula (I):
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OR

/N

P (I)

OR2

wherein R' and R? each independently represent a C1-4 alkyl group, and
(d) inorganic filler.

2. An epoxy resin composition as claimed in claim 1, wherein from 20 to 100% by weight of the total

amount of epoxy resin present in the composition consists of bishydroxybiphenyl-type epoxy resin
represented by the general formula (1l):

< 2 % <t n
*1
CH,y— CH—CH,——0 0-GH,, -CH- CH 4 —
X/
0
| L2 N\ b 2 oH
n
D S SO
1
—_ 0— GH,—CH-CH, (I1)
\ /
4 i 2 0
X X X X

wherein X' to X* each may represent a hydrogen atom, a halogen atom or a C1—s alkyl group, and
n is on average a value of from 0 to 3.

An epoxy resin composition as claimed in claim 1 or 2 wherein the phenolic curing agent is present in
an amount of from 20 to 200 parts per weight (ppw) per 100 ppw of epoxy resin.

An epoxy resin composition as claimed in any one of the claims 1 to 3 comprising a combination of
accelerators comprising 20% by weight or more, based on the total weight of accelerators in the
composition, of (a) compound(s) of the general formula (1).

An epoxy resin composition as claimed in any one of the claims 1 to 4 wherein the total amount of
accelerators in the composition ranges of from 0.1% to 5.0% by weight based on the weight of epoxy
resin.

An epoxy resin composition as claimed in any one of the claims 1 fo 4 wherein the total amount of filler
in the composition ranges of from 50% to 90% by weight based on the total weight of the composition.

An epoxy resin composition as claimed in any one of the claims 1 to 6 comprising tris(2,6-
dimethoxyphenyl) phosphine as accelerator.
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